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There are two major possibilities for fusion
energy



Its seems likely



Lab aerial w/sf and nif



National Ignition Facility



NIF is 705,000 sq ft





NIF Laser System



NIF Laser System





Ignition target



Target movie



Movie here







NIF is 93% complete NIF is on schedule and
within budget







12 bundles PQ, 2.1 MJ, July 31, 2007
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Final Focus lens
after 11 shots at > 1.6 MJ

>20 shots at full energy have been
demonstrated

2.0 MJ equivalent
σ/Favg = 9.9%
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3ω Fluence (J/cm2)

Shot N060329–003–999
11th shot at > 1.6 MJ
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Ignition plan has 35 distinct diagnostic
requirements



NIF is steadily developing a large range of
experimental capabilities
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Laser commissioining has accelerated
tremendously
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NIF Master Strategy
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After 47 years, all of the pieces for ignition are
nearly in place

• The NIF laser and the equipment needed for ignition experiments,
including high quality targets, will be available in 24 months

• We have an ignition point design target near 1 MJ with a credible
chance for ignition during early NIF operations

• We have an Early Opportunity Shots (EOS) system commissioning
campaign with 96 beams planned to start in 12 months

• The initial ignition experiments will only scratch the surface of NIF’s
potential, which includes high yields with green light and greatly
expanded opportunities for the uses of ignition by decoupling
compression and ignition in Fast Ignition (FI)
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NIC is the bridge from NIF to routine
operations of a highly flexible HED science
facility
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NIF 2010 campaign
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NIF/NIC Integrated Schedule
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Hohlraum Wall:
  – High-z mixture (cocktail )

Laser Beams
(24 quads through each
LEH arranged to
illuminate two rings on
the hohlraum wall)

Laser Entrance Hole
(LEH) with window

Hohlraum Fill
 – He gas (1.3 mg/cm3)
    (or He/H)

9.2
mm

Capsule fill tube
Capsule
(Graded-
doped Be)

Solid DT
fuel layer

Cryo-cooling
Ring

Aluminum assembly sleeve

°
°

°
°

The NIF point design has a graded-doped,
beryllium capsule in a U0.75Au.25 hohlraum driven
at 300 eV



Cryogenic Layering Prototype Target
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10-µm diameter fill tube

2 mm

Be capsule
and fill tube
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We successfully fielded ~ half of all the types of diagnostic systems on NIF

Full
Aperture
Backscatter

Diagnostic
Instrument
Manipulator
(DIM)

Diagnostic
Instrument
Manipulator (DIM)
X-ray imager
Streaked
x-ray detector

VISAR
Velocity
Measurements

Static x-ray
imager

FFLEX
Hard x-ray
spectrometer

Near Backscatter
Imager

DANTE
Soft x-ray
temperature

Diagnostic
Alignment
System

Cross
Timing
System

We have 30 types of diagnostic
systems planned for NIC
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Multiple ARC radiographs at intervals ~20- 80ps



We are developing an ignition program plan
during system commissioning to decrease
overall risk
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Ultimately, yields well in excess of
100 MJ may be possible on NIF
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Direct drive can achieve ignition conditions while
NIF is in the x-ray-drive configuration
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• The compression laser assembles the fuel to uniform, high density:

• The ignition laser generates hot electrons that propagate through to the dense
fuel and deposit their energy initiating a burn wave:

Fast ignition, which separates the fuel
compression and ignition, will be tested on NIF

Electron generation Electron transport Electron deposition
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When the requirements of low solid angle
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NIF is a National User Facility



National Ignition Facility
Three years to a New Age for Science
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NRC committee on HEDP:
X-Games of Contemporary Science

NRC committee on the
Physics of the Universe

NIF can play a key role in international
science vision
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NIF will access unprecedented
high energy density regimes

NIF Will Produce Enough X-Ray Flux to
Simulate Conditions in an Accretion Disk

NIF Will Create Thermal Plasmas at the
Conditions of Stellar Interiors

NIF Will Drive Targets to Pressures Found
at the Center of Jupiter

NIF Will Create a Huge Flux of Neutrons
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NIF’s Scientific Environments

These certainly qualify as “unprecedented.” 

• These are the conditions of Extreme Laboratory Astrophysics
— T >108 K matter temperature
— ρ >103 g/cc density
— Those are both 7x what the Sun does!

Helium burning, stage 2 in stellar
evolution, occurs at 2x108 K!

• Core-collapse Supernovae, colliding
neutron stars, operate at ~1020 n’s/cc

—  NIF: ρn = 1017 neutrons/cc

• These apply to Type Ia Supernovae!
— Electron Degenerate conditions
— Rayleigh-Taylor instabilities for

(continued) laboratory study.

• Only need ~Mbar in shocked hydrogen to study the EOS
in Jupiter & Saturn

— Pressure > 1011 bar
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• HEDP provides crucial msmts relevant to interpreting astrophysical observations
• The field has great promise; should be better coordinated across the Federal agencies

Findings:

Eleven science questions for the new century:

2. What is the nature of dark energy?

4. Did Einstein have the last word on gravity?

6. How do cosmic accelerators work and
    what are they accelerating?

8. What are the new states of matter at
    exceedingly high density and temperature?

10. How were the elements from iron to
      uranium made?

NATIONAL RESEARCH COUNCIL
   OF THE NATIONAL ACADEMIES

The NRC committee on the Physics of the Universe
highlighted the new frontier of HED science
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Hot
kbT=1-100 keV

Dense
 Natoms≈1023-26 cm-3

≈1034 cm-2 s-1

(fluence=1023cm-2)

τ ≈ 10-12 - 10-14

s

High Neutron Flux

A working group has been formed including: LLNL (Schneider), 
LBNL (Phair), UCB (Moretto), Univ. Notre Dame (Wischer), 
Colorado School of Mines (Greife), GSI, University of Oslo

Nuclear science on NIF

• Unique conditions on NIF will
enable studying:

— Dynamics of nuclei in
excited states

— Charged particle reactions
relevant to nucleosynthesis

— Solar neutrino physics
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NIF’s planning supports DOE’s goals for “civilian
research” and NNSA-SC partnering

Science Sept 29 Issue, p1874
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Atomic Weapons Establishment

University of Rochester, LLE
Los Alamos National Lab

Physics of Plasmas
Nuclear FusionPhysical Review Letters

“External Users” participated
in the 2004 NIF Early Light Experiments
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Three university teams are starting to prepare
for NIF shots in unique regimes of HED physics

Planetary
physics – EOS

Paul Drake, PI, U. of Mich.
David Arnett, U. of Arizona, 
Adam Frank, U. of Rochester, 
Tomek Plewa, U. of Chicago, 
Todd Ditmire, U. Texas-Austin 
LLNL hydrodynamics team

Raymond Jeanloz, PI, 
   UC Berkeley
Thomas Duffy, Princeton U.
Russell Hemley, Carnegie Inst.
Yogendra Gupta, Wash. State U.
Paul Loubeyre, U. Pierre & Marie 
   Curie, and CEA
LLNL EOS team

Christoph Niemann, PI,
     UCLA NIF Professor
Chan Joshi, UCLA
Warren Mori, UCLA
Bedros Afeyan, Polymath
David Montgomery, LANL
Andrew Schmitt, NRL
LLNL LPI team

Astrophysics -
hydrodynamics

Nonlinear optical
physics – LPI



U.S. Academic Alliance
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NIF will be an integral member of
the HED community

Z petawatt
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Our goal: turn NIF into the premier international
center for HED experimental science

APS

Chandra X-ray Observatory

                                                  SLAC

CERN

France
Switzerland

NIF
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Clean energy



Clean energy humankind’s challenge
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There are two major possibilities for fusion
energy
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Assuming:
• ID Fast Ignition 

— G=200 @ 2MJ 0.5 µm
• Liquid 1st walls
• 10 MW DPSSL 

— 2MJ, 5Hz,0.5 µm, 15-20% )

We have performed a systems study
of a 1 GWe IFE power plant
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Is NIF a precursor to an IFE plant?
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The first meter-scale MLD diffraction grating
was produced in August of 2004

PS&A also has leading expertise in meter-scale diffractive optics
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PS&A is the growth engine for the NIF
Directorate
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Laser based gamma rays enable isotope
imaging



NIF: Visions of yesterday become reality of today
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A glimpse into the future



From the Sun to the Sun
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Blue screen


